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SPECIFICATION 

1. Title of the invention 

LIQUID CRYSTAL DISPLAY DEVICE 

2. Claims 

1. A liquid crystal display device using a liquid crystal molecule contacting 
with a film surface of an organic orientation film so as to be oriented in a 
specified direction by rubbing the film formed on an inner surface of a substrate 
with a puff cloth consisting of an organic fiber, characterized in that a glass 
substrate coated with an organic orientation film containing an imide or amide 
series at a thickness of 50 to 100 nm is heat-treated at 150 to 290 °C for 1 hour 
in the air, and subjected to rubbing, and the resulting orientation film satisfying 
the following respective conditions is used: 

(A) Circular or elliptical domains having a size of 10 to 1500 nm are 

formed, 

(B) Among domains having a size of 100 nm or larger among domains 
described in the (A), domains having a size of 10 to 300 nm are further formed, 

(C) Domains described in the (A) or (B) have no specificity in a direction, 
and are formed surrounded by pleat-like parts of a width 1 to 30 nm, 

(D) Irregularities in the aforementioned respective domain regions or 
between those regions is 1 to 10 nm, 

(E) Between domains, linear convex parts extending 1 to 40 nm in a 
rubbing direction are formed at a line-to-line distance of 10 to 100 nm. 

3. Detailed explanation of the invention 
[Industrial field of applicability] 

The present invention relates to a liquid crystal display device in which 
an organic orientation film is used for controlling an orientation direction of a 
liquid crystal molecule, and a film surface thereof is rubbed with an organic fiber 
puff cloth, to properly orient the orientation state of a liquid crystal molecule. 

[Prior art] 

Previously, an organic orientation film having a thickness of 50 to 100 
nm is formed on inner surfaces of upper and lower glass substrates of a liquid 
crystal display device, and surfaces thereof contacting with a liquid crystal are 
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rubbed with a puff cloth consisting of an organic fiber, to orient a liquid crystal 
molecule approximately in a rubbing direction (JP-A No. 51-65960). However, 
whether a shape of an orienting film surface after rubbing is better or worse can 
not be determined and assessed by observing it, and the optimum condition of 
rubbing for controlling the orienting property of a liquid crystal can not be 
defined. 

[Problems to be solved by the invention] 

Previously, regarding mechanism by which a liquid crystal molecule (long 
axis) is oriented in a specified direction by an orienting film, there have been two 
theories of a theory that the orientation is due to a groove formed on a surface by 
rubbing, and a theory that a molecular chain of an orienting film organic 
substance is re-oriented along a rubbing direction by heat production due to 
rubbing and tensile force application and, in recent years, the latter has been 
prevailing to some extent. 

An object of the present invention is to observe and investigate well the 
surface state of an organic orienting film of a liquid crystal display device having 
better property and, based on the result, to provide a liquid crystal display device 
using an orienting film in which the orienting property is assuredly quality- 
controlled. 

[Means to solve the problems] 

In order to attain the aforementioned object, in the present invention, a 
glass substrate coated with an organic orienting film containing an imide or 
amide series at a thickness of 50 to 100 nm is heat-treated at 150 to 290 for 1 
hour in the air, and rubbed with a puff cloth consisting of an organic fiber, and 
the formed orienting film satisfying the following respective conditions is used: 

(A) Circular or elliptical domains having a size of 10 to 1500 nm are 

formed, 

(B) Among domains having a size of 100 nm or larger among domains 
described in the (A), domains having a size of 10 to 300 nm are further formed, 

(C) Domains described in the (A) or (B) have no specificity in a direction, 
and are formed surrounded by pleat-like parts of a width 1 to 30 nm, 

(D) Irregularities in the aforementioned respective domain regions or 
between those regions is 1 to 10 nm, 

(E) Between domains, linear convex parts extending 1 to 40 nm in a 
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rubbing direction are formed at a line-to-line distance of 10 to 100 run. 

When rubbing is actually performed, many circular puff cloths are piled 
up to form a rubbing wheel, and an orientation film surface is rubbed around a 
wheel by rotating a wheel. When a rotation number of a rubbing wheel is high, it 
becomes difficult to recognize linear convex parts of the condition (E) and, 
conversely, when a rotation number is reduced, linear convex parts become clear, 
but when linear convex parts are developed too much, unnecessary streaks 
appear on a display surface and, for this reason, this is bad. 

[Action] 

The orientation film surface state after rubbing defined by the 
aforementioned respective conditions was determined as an assured quality 
controlling condition by testing display quality of many liquid crystal display 
devices having better property, disassembling them, and observing, assessing 
and studying the orientation film surface state, and it was confirmed that a 
liquid crystal display device satisfying these properties has usually the better 
orienting property. 

[Examples] 

Fig. 1 is a cross-sectional view of one example of a liquid crystal display 
device. In the figure, 1 is an upper substrate, 2 is a lower substrate, 3 is a 
sealing member for sealing and holding upper and lower substrates at a 
substrate periphery at an interval defied by a spacer, 4 is a nematic liquid crystal, 
5 is a spacer, 6 is an upper electrode, 7 is a lower electrode, 10 is an upper 
polarizing plate, 1 1 is a lower polarizing plate, 12 is a reflecting plate, and 13 and 
14 are a liquid crystal orienting film. A cross- sectional structure of a liquid 
crystal display device of the present invention has the same structure as that 
shown in Fig. 1, and liquid crystal orientation films 13 and 14 thereof are formed 
so as to satisfy the aforementioned respective conditions. 

Fig. 2 is a view for explaining orienting film rubbing- In the figure, 20 is 
a liquid crystal orientation film, 21 is a (upper or lower) substrate, 22 is a 
direction for moving a substrate at orientation film rubbing, and 23 is a rubbing 
direction. 

In order to impart the orienting function to a liquid crystal orientation 
film, as shown in Figure 2, the film is rubbed with a puff cloth consisting of an 
organic fiber from a horizontal direction to a perpendicular direction of the figure, 
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for example, in a direction with inclination of 40 to 45 degree while an orientation 
film 20 is moved in a direction designated with 22. Using upper and lower 
substrate 1, 2 on which such the liquid crystal orientation film is formed, a liquid 
crystal display device was manufactured, the liquid crystal orienting properties 
were assessed and it was confirmed that a liquid crystal is uniformly oriented. 

Properties of a liquid crystal display device were assessed and confirmed, 
a liquid crystal display device was disassembled at a place of a sealing member of 
3 to separate into an upper substrate 1 and a lower substrate 2, and a liquid 
crystal attached to each of them was removed by immersing in acetone. 
Thereafter, these substrates were cut into a size of 2 to 3 cm 2 , and this was 
stained by placing in a 20 to 100% staining solution for 1 minute to 6 hours, and 
dried and, thereafter, this was placed into a 12 % aqueous HF solution to peel an 
organic orientation film, which was fixed on a Cu mesh to prepare a sample. A 
direct transmitted image at a 20 thousands to 500 thousands magnification of 
the thus prepared sample was taken with a transmission electron microscope at 
an acceleration voltage of 125 kV and this was further magnified at a 800 
thousands to 4 million magnification to obtain images as shown in Fig. 3 (a) to (c). 
By staining as described above, even at the same expansion magnification, a 
finer structure can be seen further better. 

Fig. 3 (a) indicates that circular or elliptical domains 33 having a 
minimum diameter of 10 nm, domains 32 having an average diameter of about 
300 nm, and domains 31 having a maximum diameter of 1500 nm are formed on 
an orienting film surface. These domains have no specificity in a direction, and 
are formed almost surrounded by pleat-like parts (lamella) 34 having a width of 1 
to 30 nm. When a sample was observed further well, it was seen that, in the 
domains, fine domains are further formed and, between domains, linear convex 
parts are formed in a rubbing direction. In addition, a cross-sectional shape was 
observed by bending a sample and, as a result, it was also seen that 
irregularities in the aforementioned respective domain regions, or between those 
regions is 1 to 10 nm. That is, a surface of an orientation film exhibits the 
aforementioned ultra fine geometrical shape having fine irregularities and, from 
this, it was presumed that this enables uniform orientation of a liquid crystal. 
Fig 3 (b) indicates that, among domains 31, 32 and 33 having various sizes, 
circular or elliptical fine domains 35 having a diameter of 5 to 30 nm are further 
formed. Fig. 3 (c) indicates that, between domains, linear convex parts 36 
extending 1 to 40 nm in a rubbing direction are formed at a line-to-line interval 
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37 of 10 to 100 nm as shown in the figure. However, when a rotation number of 
a rubbing wheel upon rubbing is high, it becomes difficult to recognize linear 
convex parts 36 and, conversely, when a rotation number is reduced, linear 
convex parts become clear, but when linear convex parts are developed too much, 
unnecessary streaks appear on a display surface and, therefore, proper rubbing 
condition is required to be selected. 

[Effect of the invention] 

As explained above, according to the present invention, the state of 
reorientation of a molecular chain on a surface after rubbing of an organic 
orientation film of a liquid crystal display device which has not previously been 
assessed quantitatively is seen quantitatively and, using this result, it has 
become possible to control a surface shape of an orientation film of a liquid 
crystal display device, high quality can be maintained, and a liquid crystal 
display device of high quality and high performance can be easily manufactured 
at a large scale. 

4. Brief description of the drawings 

Fig. 1 is a cross- sectional view of one example of a liquid crystal display 
device, Fig. 2 is a view for explaining rubbing of an orientation film, and Fig. 3 (a), 
(b) , (c) are a view for explaining the state of a surface of an orientation film 
relating to the present invention. 

1- upper substrate, 2' "lower substrate, 3' "sealing member, 4-"nematic liquid 
crystal, 5* -spacer, 6* - upper substrate, 7 -lower substrate, 10 -upper polarizing 
plate, 11 lower polarizing plate, 12- -reflecting plate, 13, 14, 20 liquid crystal 
orientation film, 21 •••substrate, 22 --moving direction of substrate, 23-rubbing 
direction, 31 -"domain of maximum diameter, 32 ••■domain of average diameter, 
33 - domain of minimum diameter, 34- -pleat-like part , 35- -fine domain formed 
in domain, 36- -linear convex part formed in rubbing direction, 37- "line-to-line 
interval 
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(54) LIQUID CRYSTAL DISPLAY ELEMENT 

(57)Abstract 

PURPOSE: To maintain a high degree of quality by the 
control regulating the optimum conditions for rubbing to 
control the orientation characteristics of a liquid crystal by 
determining the quality control conditions based on the 
results obtd. by quantitatively observing the surface 
condition of the org. oriented film of the liquid crystal display 
element having good characteristics. 
CONSTITUTION: The quality is evaluated by whether the 
domains formed by subjecting a glass substrate coated with 
the org. oriented film contg. imide and amide systems to 50 
to 100nm to a heating treatment for one hour at 150 to 
290° C in the atm. f then rubbing the film comply with the 
quantitative conditions or not. The control of the surface 
characteristics is executed by using the respective following 
conditions; the circular or elliptical domains 33 of 10nm min. 
diameter formed on the oriented film surface, the domains 
32 of about 300nm average diameter and the domains 31 of 
1 50nm max. diameter are enclosed by pleat parts 34 of 1 to 
30nm width without having specificness; the ruggedness in 

the respective domain regions and between the regions is 1 to 10nm and linear projecting parts 36 
extending to 1 to 40nm in the rubbing direction are formed at 10 to 100nm inter-line spacings 
between the lines. 
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